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(57)Abstract: 

PROBLEM TO BE SOLVED: To prevent the embedding 
of a patterns for forming a contact by overflow in an 
existing resist flow process. 

SOLUTION: A thermal curing agent w hich is cured at a 
specified temperature is further incorporated into a 
photoresist composition. The thermal curing agent 
contains a thermal acid generating agent which 
generates an acid under heat and a crosslinkable 
compound which is cured by heat. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the formation method of a 
contact hole (contact hole) of having used the photoresist constituent for resist flow processes (resist 
flow process), and this. The photoresist constituent containing the bridged compound (cross-linking 
compound) hardened in more detail by the heat acid generator (thermal acid generator) which generates 
an acid with heat, and heat, And it is related with the formation method of the contact hole which can 
prevent a photoresist pattern being embedded by overflow (over flow) using this constituent. 
[0002] 

[Description of the Prior Art] semiconducto r detailed pattern formation — the time of forming the 
contact hole which is one in process — the resolution of exposure equipment — a resist flow process is in 
the process technology for forming the above detailed contact hole 

[0003] development with a resist flow process extraordinary recently - accomplishing ~ the process 
technology under introduction at the present mass-production process - it is ~ an exposure process and 
a development process — carrying out — the resolution of exposure equipment — after forming the 
photoresist pattern of a grade, heat energy is impressed more than the glass transition temperature (glass 
transition temperature) of a sensitization agent, and a sensitization agent means the process which a heat 
flow (thermal flow) is made to be carried out At this time, with the supplied heat energy, the already 
formed photoresist pattern will carry out a heat flow of the original size in the direction which decrease 
in number, and will obtain the detailed contact hole for which an accumulation process is finally asked 
(refer to drawing 1 ). 
[0004] 

[Problem(s) to be Solved by the Invention] Although the detailed pattern below the resolution of 
exposure equipment can be formed now as mentioned above by introducing such a resist flow process, 
the greatest fault of this process is a point that the development [it is called "overflow (over flow)" for 
short below] where a pattern will be embedded appears, when too much flow occurs. 
[0005] This is to react with the heat with which most sensitization agents were impressed very 
sensitively, for temperature control to become [ flow time ] longer in becoming unsuitable than the set 
point, and for too much heat flow to occur. The problem where the pattern for forming a contact hole is 
embedded occurs as a result of such overflow. Although a size can be seen reduced rapidly if BEKU 
[ drawing 2 which is the graph which described the size of the last contact hole accompanying baking 
temperature is examined and / the contact hole formed in 200nm / about 100-140 degrees C ], this is 
because a heat flow of the sensitization agent is rapidly carried out also to the temperature change of a 
minute amount. 

[0006] Although the method of adjusting correctly the time which is made increasing conventionally the 
uniformity coefficient of the temperature of the BEKU oven (bake oven) which impresses heat, or is 
held at BEKU oven is used in order to solve the above-mentioned trouble, I hear that the improvement 
grade of an oven process is not the level which solves an overflow problem, and a problem has it. 
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[0007] The purpose of this invention is offering the formation method of the photoresist constituent used 
for a resist flow process, and the photoresist pattern using this, and the method of forming a contact hole 
using the formed photoresist pattern. 
[0008] 

[Means for Solving the Problem] Since crosslinking reaction will occur and the flow beyond it will not 
occur if it reaches to specific temperature while a heat flow of the photoresist constituent is carried out 
in BEKU oven here, if this invention person etc, adds a heat acid generator and the heat-curing agent 
containing the bridged compound which heat-hardens at specific temperature to a photoresist 
constituent, the point that the last contact hole pad can be prevented is found out, and it came to 
complete this invention. 

[0009] In order to attain the aforementioned purpose, in this invention, the photoresist constituent 
crosslinking reaction generates above specific temperature when heat energy is impressed too much at 
the time of flow BEKU, and it is made for the flow beyond it not to generate is offered by including 
further the heat-curing agent which heat-hardens above specific temperature in the usual photoresist 
constituent. 
[0010] 

[Embodiments of the Invention] Hereafter, this invention is explained in detail. 

[001 1] In this invention, the photoresist constituent of a resist flow use first used in order to form a 

detailed contact hole by the semiconductor manufacturing process is offered. 

[0012] That is, although the photoresist constituent for preventing the phenomenon in which a pattern 
will be embedded by too much flow at an elevated temperature is offered in this invention when 
performing an elevated-temperature heat flow process, since the conventional photoresist constituent is a 
resist flow, a heat-curing agent is added to a photoresist constituent, hardening occurs above specific 
temperature, and it is made for the flow beyond it not to occur for this. 

[0013] By this invention, the photoresist constituent which contains a heat-curing agent in the usual 
photoresist constituent which becomes by the photoresist resin, the photo-oxide generating agent (photo 
acid generator), and the organic solvent further is offered concretely. 

[0014] At this time, a heat-curing agent contains the compound hardened above the heat acid generator 
beyond (i)l (thermal acid generator), and the specific temperature beyond (ii)l. 

[0015] Although the alcoholic compound containing a leaving group (leaving group) can be used for the 
aforementioned heat acid generator, as for the aforementioned leaving group, it is desirable to exist in 
the position contiguous to the joint position of the hydroxyl of an alcoholic compound. There is 
sulfonate in an example with a still more desirable leaving group. 

[0016] As for the aforementioned heat acid generator, it is desirable to be chosen from the group which 
consists of a compound of the following formula (1) or a formula (4). 
[0017] 
[Formula 9] 




(i) 

[0018] 

[Formula 10] 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 



10/13/03 



Page 3 of 6 



O— S— CF a 



(2) 

[0019] 

[Formula 11] 
-OH 




(3) 



[0020] 

[Formula 12^ 




(4) 

[0021] Furthermore, a bridged compound (cross-linking compound) can be mentioned as an example of 
the compound which heat-hardens at the aforementioned specific temperature. 

[0022] It is desirable to use for such a bridged compound the compound with which the acetal machine 
or the epoxy group was contained, and it is still more desirable to be chosen from the group which 
consists of a compound of the following formula (5) or a formula (8). 
[0023] 

[Formula 13] 



RiO' 



'OR 2 



(5) 
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[0024] [- Rl and R2 are substitution, the straight chain of unsubstituted C1-C5, or a branched chain 
alkyl among a formula, respectively, R3 is hydrogen or a methyl, and the molecular weight of the 
polymer of the aforementioned formula (5) is 1000 or 5000] 
[0025] 

[Formula 14] 

ReQ /=\ PFU 




(6) 



[0026] [-- R4 or R7 is substitution, the straight chain of unsubstituted C1-C5, or a branched chain alkyl 

among a formula, respectively] 

[0027] 

[Formula 15] 

Ra R9 




(7) 

[0028] [— R8 and R9 are hydrogen or a methyl among a formula, respectively, a:b is 0.75:0.25 in a mole 

ratio, and the molecular weight of the polymer of a formula (7) is 1000 or 5000] 

[0029] 

[Formula 16] 




(8) 

/ [0030] The amount of the total used of the compound which heat-hardens at the heat acid generator 
beyond (i)l and the specific temperature beyond (ii)l with the aforementioned photoresist constituent is 

1 about 0.1 - 50 % of the weight to the weight of a photoresist resin, a heat acid generator is concretely 
contained at 0.1 - 5 % of the weight to a photoresist resin, and, as for a bridged compound, it is desirable 
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to be contained at 1 - 10 % of the weight to a photoresist resin. 

[0031] On the other hand, with the aforementioned usual photoresist constituent, if a photoresist resin is 
a chemistry amplification type photoresist resin (chemically amplified photoresist resin), it can be used 
anything. 

[0032] Furthermore as a photo-oxide generating agent, diphenyl iodine-salt hexafluorophosphate, 
Diphenyl iodine-salt hexafluoroarsenate, diphenyl iodine-salt hexafluoroantimonate, Diphenyl 
PARAMETOKISHI phenyl triflate, diphenyl PARATORU enyl triflate, Diphenyl PARAISO 
buthylphenyl triflate, diphenyl parlor t-buthylphenyl triflate, Triphenylsulfonium hexafluorophosphate, 
triphenylsulfonium hexafluoroarsenate, Triphenylsulfonium hexafluoroantimonate, triphenylsulfonium 
triflate, It is desirable one or to use two or more, and; organic solvent what was chosen from the group 
which consists of dibutyl naphthyl sulfonium triflate And propylene-glycol methyl-ether acetate, A 
propylene-glycol methyl ether, ethyllactate, methyl 3-methoxy propionate, ethyl It is desirable to use 3- 
ethoxy propionate or a cyclohexanone. 

[0033] Furthermore, although this invention offers the formation method of the photoresist pattern 
which introduced the resist flow process using the photoresist constituent of the aforementioned this 
invention The stage which this applies the photoresist constituent of this invention to the etched [ (a) ] 
layer upper part concretely, and forms a photoresist film, (b) The stage which forms the primary 
photoresist pattern below the marginal resolution of exposure equipment according to a lithography 
process, (c) A flow BEKU process is performed to the primary aforementioned photoresist pattern, a 
heat flow is made to be carried out and a photoresist includes the stage of obtaining secondary 
photoresist patterns. 

[0034] If heat is applied at the flow BEKU process of the aforementioned (c) stage when advancing a 
resist flow process using the photoresist constituent of this invention, an acid will be generated from a 
heat acid generator, and it can prevent embedding a pattern, since a photoresist resin and a bridged 
compound cause crosslinking reaction and a photoresist constituent does not flow any more, if the heat 
more than specific temperature can be added sure enough by such acid in the role of a catalyst. 
[0035] Although heat energy is impressed at the aforementioned flow BEKU process more than th e 
glass transition temperature of a photore sist, crosslinking reaction a rises at the temperature of 90-1 60 
de grees C about, and crosslinking reaction generates more preferaFly 110 degrees C or more of 13 0~ 
^egrgg^jarjm^^ the temperature of 140 degrees C or 

[0036] Any chemistry cross linking agent which crosslinking reaction generates at specific temperature 
besides the bridged compound which, on the other hand, mentioned above the photoresist constituent 
used by this invention can be added, and the grade of bridge formation is adjusted in the amount of a 
cross linking agent. If a lot of cross linking agents are added, bridge formation will become strong, and 
above specific temperature, even if it holds for a long time, more than it, a flow will cease to occur and, 
as for the contact hole by which the flow was carried out, will hold the size in bridge formation start 
temperature to some extent (less than about about 20% of percentage reduction is shown from the size in 
bridge formation start temperature). According to the time held above specific temperature since the 
bridge formation grade was weak though bridge formation was advanced at specific temperature, if the 
little cross linking agent was added, the size of a pattern is reduced at a loose speed, and a pattern far 
smaller than the size in bridge formation start temperature is obtained (refer to drawing 3 ). 
[0037] Furthermore, by this invention, although the method of manufacturing a contact hole using the 
photoresist pattern formed above is offered, a contact hole can be formed by using as an etching mask 
the secondary photoresist patterns formed in the aforementioned (c) stage, and etching an etched layer. 
[0038] In this invention, the semiconductor device manufactured using the aforementioned contact hole 
formation method is offered further. 
[0039] 

[Example] this invention is explained in detail based on an example below. However, it is only that an 

example illustrates invention and this invention is not limited by the following example. 

[0040] BEKU [ 402 R KrF P/R of example SHINETTSU (Shinetsu) of comparison was coated on the 
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wafer, and / 100 degrees C ] for 90 seconds. It exposed using after [ BEKU ] 0.60NA KrF exposure 
equipment (Nikon S201). After BEKU [110 degrees C ] for 90 seconds after exposure again, negatives 
were developed 2.38% of the weight using the TMAH developer, and the 200nm pattern was obtained. 
[0041] The size of the contact hole when calcinating this pattern for 90 seconds at 100 degrees C, and 
advancing a resist flow process is shown in drawing 2 . The size of the contact hole when advancing a 
resist flow process for 90 seconds at 1 10-200 degrees C by such method was also shown in drawing 2 . 
[0042] Thus, although a size can be seen reduced rapidly if BEKU [ the pattern formed in 200nm / about 
100-140 degrees C ], this is because a heat flow of the sensitization agent is rapidly carried out also to 
the temperature change of a minute amount. 

[0043] 0.4g of heat acid generators of the aforementioned formula (4) and 2g of bridged compounds of a 
formula (6) were dissolved in 402 R KrF P/R 100ml of SHINETTSU which used in the example of the 
example 1 aforementioned comparison. Thus, manufactured new P/R was used and 200nm pattern was 
obtained on the same conditions as the aforementioned example of comparison. 
[0044] The size of the pattern when calcinating this pattern for 90 seconds at 100 decrees C, and 
advancing a resist flow process was shown in drawing 3 . The size of the contact hole when advancing a 
resist flow process for 90 seconds at 1 10-200 degrees C by such method was also shown in drawing 3 . 
Overflow was not able to occur but the pattern was able to be made to reduce to 150nm size stably also 
at an elevated-temperature proce ss 150 degree s C or more apart from drawing 2 at drawing 3 . 
[0045] * 

[Effect of the Invention] If the photoresist constituent of this invention is used as inquired above, at the 
resist flow process for forming the detailed contact hole below the resolution of exposure equipment The 
phenomenon in which a pattern is embedded by too much flow of a sensitization agent can be prevented. 
The size of the pattern generated by the uniformity coefficient fall of BEKU oven with this can be 
equalized, and there is a subordinate effect which is made to increase the resistance over the etching gas 
of a sensitization agent, and an etching selection ratio increases by using the sensitization agent by 
which the bridged compound was added. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



[Claim 1] The photoresist constituent characterized by the aforementioned photoresist constituent 
containing a heat-curing agent (thermal curing agent) further in the photoresist constituent which 
becomes by th e photores istresin, the photo-oxide generating agent (photo acid generator), and the 
or ganic solvent. ~ 

[Claim 2] The photoresist constituent according to claim 1 with which the aforementioned heat-curing 
agent is characterized by including a heat acid generator (thermal acid generator) and the compound 
hardened above specific temperature. 

[Claim 3] The photoresist constituent according to claim 2 with which the compound hardened above 
the aforementioned specific temperature is characterized by being a bridged compound (cross-linking 
compound). 

[Claim 4] The photoresist constituent according to claim 2 characterized by the aforementioned heat 
acid generator being an alcoholic compound containing a leaving group (leaving group). 
[Claim 5] The photoresist constituent according to claim 4 characterized by the aforementioned leaving 
group existing in the position contiguous to the joint position of the hydroxyl of an alcoholic compound. 

[Claim 6] The photoresist constituent according to claim 5 with which the aforementioned leaving group 
is characterized by being sulfonate (sulfonate). 

[Claim 7] The photoresist constituent according to claim 2 or 6 characterized by being chosen from the 
group which the aforementioned heat acid generator becomes from the compound expressed with the 
following formula (1) or a formula (4). 
[Formula 1] 



CLAIMS 



[Claim(s)] 




O 



(1) 



[Formula 2] 
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07 



O— S— CF a 
0 

(2) 



[Formula 3] 




(3) 



[Formula 4] 



(4) 

[Claim 8] The photoresist constituent according to claim 3 characterized by the aforementioned bridged 
compound being a compound with which the acetal machine or the epoxy group was contained. 
[Claim 9] The photoresist constituent according to claim 8 characterized by being chosen from the group 
which the compound with which the aforementioned acetal or the epoxy group was contained becomes 
from the compound expressed with a formula (5) or a formula (8). 
[Formula 5] 

R 3 



RiO 



s OR 2 



(5) 

[~ Rl and R2 are substitution, the straight chain of unsubstituted C1-C5, or a branched chain alkyl 
among a formula, respectively, R3 is hydrogen or a methyl, and the molecular weight of the polymer of 
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the aforementioned formula (5) is 1000 or 5000] 
[Formula 6] 

ReO /=\ P R 4 



(6) 

[« R4 or R7 is substitution, the straight chain of unsubstituted C1-C5, or a branched chain alkyl among 
a formula, respectively] 
[Formula 7] 

1^8 R9 




(7) 

[— R8 and R9 are hydrogen or a methyl among a formula, respectively, a:b is 0.75:0.25 in a mole ratio, 
and the molecular weight of the polymer of a formula (7) is 1000 or 5000] 
[Formula 8] 




(8) 

[Claim 10] The photoresist constituent according to claim 2 with which the amount of the total used of 
the aforementioned heat acid generator and a bridged compound is characterized by being 0.1-50 % of 
the weight to the weight of a photoresist resin. 

[Claim 11] The photoresist constituent according to claim 10 with which the aforementioned heat acid 
generator is characterized by being contained at 0.1 - 5 % of the weight to a photoresist resin. 
[Claim 12] The photoresist constituent according to claim 10 with which the aforementioned bridged 
compound is characterized by being contained at 1 - 10 % of the weight to a photoresist resin. 
[Claim 13] The photoresist constituent according to claim 1 characterized by using the aforementioned 
constituent for a resist flow process (resist flow process). 

[Claim 14] (a) The stage and; which form a primary photoresist pattern using a photoresist constituent 
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according to claim 1 . 

(b) The formation method of the photoresist pattern characterized by the bird clapper from the stage of 
obtaining secondary photoresist patterns as a resist flow process is performed to the primary 
aforementioned photoresist pattern and a heat flow (thermal flow) of the photoresist is carried out. 
[Claim 15] The formation method of the stage where the aforementioned (a) stage applies a photoresist 
constituent according to claim 1 to the etched [ (i) ] layer upper part, and forms a photoresist film in it, 
and the photoresist pattern according to claim 14 characterized by including the stage which forms a 
primary photoresist pattern according to (ii) lithography process. 

[Claim 16] The formation method of a photoresist pattern according to claim 14 that the aforementioned 
resist flow process is characterized by impressing heat energy to a primary photoresist pattern more than 
the glass transition temperature of a photoresist resin. 

[Claim 17] The formation method of a photoresist pattern according to claim 14 that the aforementioned 
resist flow process is characterized by applying heat to a primary photoresist pattern at the temperature 
of 90- 160 degrees C. 

[Claim 18] The formation method of a photoresist pattern according to claim 14 that the aforementioned 
primary secondary photoresist patterns are characterized by being a contact hole (contact hole) pattern. 
[Claim 19] The semiconductor device manufactured by the method according to claim 14. 



[Translation done.] 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 



10/13/03 



